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SUMMARY
1. Electrophysiological and anatomical techniques were used to investigate normal 
and regenerating sural and posterior femoral cutaneous nerve fibres in the cat.
2. One and a half years after transection of these nerves it was found th a t the 
regenerating neurones supported multiple sprouts in the distal stum p of the nerve. 
The branching occurred at or beyond the level of the neuroma and some of the 
branched fibres innervated split receptive fields on the skin.
3. Counts of the number of axons in the proximal stumps of transected nerves 
showed th a t the whole original population of myelinated fibres persisted for a t least 
18 months. About 75 % of these fibres successfully crossed the unrepaired transection 
site and regenerated into the distal stum p of the nerve to re-form functional 
connexions in the skin.
4. After nerve crush all the myelinated axons regenerated. None showed signs of 
abnormal branching.
5. After nerve crush the conduction velocities of the regenerated axons in the distal 
stum p of the nerve reached nearly normal values by 6 months. After nerve transection 
the distal conduction velocities were reduced to 50 % of normal even 18 months after 
the injury.
6. The implications of these findings for the recovery of function after nerve injury 
in man are discussed.
INTRODUCTION
Recovery of function after transection of peripheral nerves in adult mammals is 
incomplete (Sunderland, 1978). Such lesions result in the formation of a neuroma and 
it has been suggested th a t this might act as a barrier, limiting the number of fibres 
which successfully reinnervate the distal stum p of the nerve. The resulting reduction 
in innervation density could contribute to impaired functional performance.
Most studies addressed to estimating how many fibres successfully regenerate 
across a transection neuroma have used anatomical techniqes (e.g., Davenport, Chor
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& Dolkart, 1937; Gutmann & Sanders, 1943; Shawe, 1955). However, interpretation 
of these experiments is difficult because of an inability to distinguish between a 
situation in which a few proximal axons support many processes in the distal stum p 
and a situation in which the proximal axons give rise to only a single surviving process 
in the distal stump. The two mechanisms can give equivalent axonal profile counts 
in the nerve, but have different implications for the degree of functional recovery 
expected. I t  is known th a t regenerating crushed or sectioned axons produce many 
sprouts (Greenman, 1913; Ramon & Cajal, 1928; Morris, Hudson & Weddell, 1972; 
Thomas, 1974). I t  has been claimed th a t only one of these survives once regeneration 
is complete, but there is reason to believe th a t this is not the case (Osborne & 
Kilvington, 1909; Seddon, 1943; Sunderland & Lavarack, 1953; Shawe, 1955; 
Fullerton & Gilliatt, 1965; Roth, 1978, 1979).
In the present study anatomical and electrophysiological techniques were used to 
determine what fraction of the original myelinated axonal population persists in the 
proximal stum p of a lesioned cutaneous nerve, how many of these fibres successfully 
regenerate through the neuroma, how many regenerating axons re-form functional 
connexions with the skin, and how many processes each regenerated axon supports 
in the distal stum p of the nerve.
M ETHODS
Adult cats (2-5-6-5 kg) of both sexes were used. Experimental animals were anaesthetized with 
sodium pentobarbitone (42 mg/kg i.p.); the nerve to be used was exposed under aseptic conditions 
and either transected and not repaired or thoroughly crushed over 1 - 2  mm by repeated forcible 
squeezing with a pair of no. 5 forceps. The wound was sutured and the cats were given 300,000 
units of penicillin.
For the terminal experiments the animals were re-anaesthetized with sodium pentobarbitone i .p . 
and kept in an areflexic state by giving supplementary doses of the anaesthetic through the 
superficial radial vein. In some experiments the cats were paralysed with gallamine triethiodide 
and in those cases extra anaesthetic was given every 2 hr (2-5 mg/kg i.v.). These animals were 
artificially ventilated and end-tidal C02% maintained near 4-5%. In all experiments rectal 
temperature was kept close to 37-5 °C with radiant heat.
Electrophysiological techniques
The appropriate nerve(s) and, where required, dorsal roots were exposed and oil pools constructed 
around them. Nerve stimulation was carried out using bipolar P t-Ir  hook electrodes connected to 
stimulus isolation units driven by a standard dual channel stimulator. Whole nerve recordings were 
made with a monopolar hook electrode and conventional amplification, filtering and display 
devices. To record from individual sural fibres the nerve was stabilized on a small plastic platform, 
aslit made in the perineurium, and aglass micro-electrode (fil led with 4 M-NaCI, impedance 20-40 Mfi 
at 1 kHz) advanced into the endoneurium. While searching for units the sciatic nerve was 
stimulated at an intensity which had been found to be supramaximal for the myelinated sural nerve 
fibres. At the end of the experiment conduction distances were measured by laying a thread along 
the course of the nerve between the appropriate stimulating and recording sites. Response latency 
was determined either by measuring the latency difference with electrical stimulation at two 
different sites or by reducing the latency between stimulation and recording of an action potential 
by 1 0 0 /<sec.
Anatomical techniques
Tissue to be examined was fixed in Palay’s fixative, post-fixed with osmium, and embedded in 
Araldite (for light microscopy) or Epon (for electron microscopy). Sections from the sural nerve 
were stained with 1 % Methylene Blue, and photographed with an oil-immersion light microscope.
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Montages of whole nerve cross-sections were made from the negatives at a total magnification of 
1800 x . Sections from the posterior femoral cutaneous nerve were stained with uranyl acetate and 
lead citrate; low power electron micrographs were taken and whole nerve montages at 2 0 0 0  x were 
made from the negatives.
The myelinated fibres were classified as Aa (having a minimum diameter clearly greater than 
5 fim), AS (having a diameter clearly less than 5 fim) and intermediate (having a minimum diameter 
near 5 fim and a mvelin sheath thickness between that of A a  and AS fibres). All the myelinated 
profiles in each cross-section were counted and classified.
RESULTS
Branching of regenerated myelinated axons
The sural nerve in cats splits into two branches just proximal to the heel. Separate 
stimulating electrodes were placed on each branch, and single unit recordings were 
made with micro-electrodes from the sural nerve just distal to where it  leaves the 
sciatic nerve. Of 128 fibres from control cats and 504 fibres from cats in which the 
sural nerve had been crushed between the recording and stim ulating sites one to six 
m onths previously, none could be activated from both branches of the sural nerve. 
One to nine months after transection of the sural nerve a t this level about 10% of 
the fibres could be excited from both sural nerve branches, and several of these fibres 
had two distinctly separate receptive fields on the skin (Fig. 1). To show th a t the 
fibres were not being excited in the two sural nerve branches by stimulus spread, 
collision experiments combining stimulation of the sciatic nerve and the two branches 
of the sural nerve were carried out on ten units (Horrobin, 1966; Lisney & Matthews,
1978). In every case the results were consistent with each fibre having separate 
processes in the two branches of the sural nerve.
To determine the level a t which this branching occurred an experiment was 
performed on the posterior femoral cutaneous nerve, which divides distally into two 
or more branches before entering the skin. A stim ulating electrode was placed on one 
of the branches and recordings were made from the other(s). The electrodes were then 
exchanged so th a t all combinations of branches and stimulation-recording pairs were 
tested. In control animals stimulation of one branch never produced responses, other 
than dorsal root reflexes, in the other branch(es). One and a half years after cutting 
the nerve several centimetres proximal to the branch point, reflected impulses were 
seen in the other branch(es) in all four cats used. The number of impulses evoked, 
within the limits of our ability to resolve them from the whole nerve recording, was 
the same for a given pair of branches, regardless of which one was stim ulated and 
from which one recordings were made. Cutting the nerve proximal to the neuroma 
did not affect the number of impulses seen, but cutting or crushing the nerve just 
distal to the neuroma abolished all reflected activity.
Since these were myelinated fibres and the number of fibres involved was constant 
for a given pair of branches, this effect is probably not due to some sort of ephaptic 
coupling between axons in the neuroma. Further evidence against this suggestion 
comes from an experiment in which both branches of the posterior femoral cutaneous 
nerve and one branch of the closely neighbouring femoral cutaneous nerve were 
transected. The other branch of the femoral cutaneous nerve was left intact but 
involved in the neuroma to serve as a control against some form of current spread
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being responsible for the effects seen. Stim ulating and recording from branches distal 
to the neuroma and from the parent nerves proximal to the neuroma showed th a t 
fibres from the cut branch of the femoral cutaneous nerve had regenerated into its 
own distal stum p and into both distal stumps of the posterior femoral cutaneous 
nerve. Thus stim ulation of any of the three distal branches evoked activity in the
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Fig. 1 . Scale drawing of the hind foot of the cat showing the size and location of split 
receptive fields of sural nerve fibres transected 3, 6  or 9 months earlier. The first number 
gives the regeneration time; the remaining two characters give the receptor type 
(F2 = tonic field, Gl = phasic hair, GI = intermediate hair).
other two distal branches. However, stimulation of the lesioned femoral cutaneous 
nerve proximal to the neuroma did not produce activity in the posterior femoral 
cutaneous nerve proximal to the lesion, or vice versa. Thus, if there was ephaptic 
coupling between the axons in the neuroma it must have been of such a nature as 
to allow the generated impulses to travel only in an antidromic direction.
The number of fibres regenerating through a transection neuroma
Information about the number of regenerating fibres has been obtained by two 
methods. The first, used with the sural nerve, consisted of recording from single axons 
several centimetres proximal to the neuroma and noting how many of the axons could 
also be excited 2-3 cm distal to the neuroma. The results are shown in Fig. 2 A  for 
control animals and for animals in which the sural nerve had been crushed or 
transected. The 2%  deficit in axons excited by the distal electrode seen in control 
animals probably reflects fibres th a t were damaged while dissecting out the nerve. 
W ithin 3 months of crushing the sural nerve all the fibres recorded in the proximal 
part of the nerve had rengerated past the distal stimulation site. After nerve 
transection about 87 % of the fibres had regenerated 18 months later. There was n».
statistically significant difference (%2 test) between the regeneration success of Aa and 
AS fibres.
The second method was used with the posterior femoral cutaneous nerve of four 
cats. Instead of transecting the nerve, a 1-2 mm piece was removed just distal to 
where the nerve leaves the sciatic notch. No attem pt was made to repair the nerve 
or bridge the gap, and 20 months was allowed for regeneration. After this time a hook 
recording electrode was placed on the nerve 1-2 cm proximal to the neuroma, or a t 
a comparable location in control animals, and a stim ulating electrode was placed on
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Fig. 2 Plots of A, the proportion of fibres in the sural nerve which could be activated 
distal to the neuroma by electrical stimulation of the distal stump, and B, the proportion 
of these fibres which could be activated by gentle mechanical stimulation of the skin as 
a function of time after transecting (O) or crushing (# )  the nerve. Each point represents 
data from at least three cats and a minimum of 129 fibres. The dashed lines show the results 
from control animals.
the nerve a t  a similar distance distal to the neuroma. The lumbar enlargement of the 
spinal cord was exposed, and single dorsal rootlets were cut and placed on another 
stim ulating electrode. The rootlets were teased apart until filaments were obtained 
from which a limited number of separable action potentials could be seen a t the 
recording site when the filament was stim ulated supramaximally. The number of 
these spikes th a t could be blocked by an ascending volley evoked from the distal 
electrode was then determined. The process was repeated until all dorsal root 
filaments producing activity in the posterior femoral cutaneous nerve had been tested. 
An average of 75%  of the myelinated fibres crossed the injury site, a value close to 
but significantly less than the value found for simply transected sural nerves 
(P  <0-01, x 2 test).
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The number o f sprouts supported by myelinated fibres in  regenerated nerves
Since any branching which occurs does so a t the level of the neuroma or beyond, 
the number of axon profiles in the proximal stum p of the nerve should indicate what 
fraction of the original population of axons has persisted. By counting axon profiles
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Fig. 3. A , the number of myelinated axon profiles a t different levels of the sural nerve. 
Control P and D: counts from proximal and distal levels of the unlesioned (right) sural 
nerve. Cut PP,  P : counts from two levels proximal to the neuroma in the left sural nerves 
18 months after they had been transected. Cut D: counts distal to the neuroma. Each 
value is the average from three cats. B, counts of myelinated axon profiles at different 
levels of the posterior femoral cutaneous nerve. Original: counts of profiles seen in the 1-2 
mm piece removed when the nerve was transected. PP,  P -. counts from two levels proximal 
to the neuroma 20 months later. D, DD: counts from two levels distal to the neuroma.
T\ total number of fibres; a: number of fibres greater than 5 fim in diameter; i : number 
of fibres near 5/tm in diameter; S\ number of fibres less than 5 fim in diameter.
in the distal stum p of the same nerve, and knowing what fraction of the population 
in the proximal stum p is excitable distal to the neuroma, a determination of how 
many processes the regenerated axons support in the distal stum p can be made.
Axon profiles were counted in the proximal and distal stum ps of sural nerves from 
whole nerve montages made from light micrographs. The fibres were classified as Aa,
intermediate, or AS by the criteria given in the Methods. The results are shown in 
Fig. 3 A. Control values were taken from unlesioned sural nerves from the other (right) 
side of the body in the same cats. Two levels proximal to the neuroma were exam ined: 
level P P  was 2-4 cm proximal to P which in turn was 1-2 cm proximal to the 
neuroma. Level D was 1-2 cm distal to the neuroma. Comparing control counts with 
the counts from the cut nerves indicated th a t there was no deficit in axons in the 
proximal stumps of the transected nerves. There was a 50 % surplus of profiles in the 
distal stump. Since 87 % of the fibres in the proximal stum p had regenerated through 
the neuroma (see previous section), each regenerated axon supported an average of
1-7 distal processes.
Interpretations of these results depends on the assumption th a t the contralateral 
sural nerve provides a good measure of the original number of axons in the lesioned 
sural nerve, an assumption which may not be valid (Greenman, 1913). To obtain a 
better measure of small changes in axonal population, a modification of the 
experiment was performed on the posterior femoral cutaneous nerve of seven cats. 
Instead of simply cutting the nerve, a small (1-2 mm) piece of the nerve was removed. 
A cross-sectional photo-montage was made of the removed tissue from low power 
electron micrographs and this used to obtain a count of the number of axons originally 
present in the nerve. After allowing about 20 months for regeneration, sections were 
taken from two levels (P about 1 cm and P P  about 2 cm) proximal to the neuroma 
and two levels (D about 1 cm and DD about 2-5 cm) distal to the neuroma. The results 
are shown in Fig. 3B. Counts made from two levels of unlesioned posterior femoral 
cutaneous nerves showed no branching a t this level. Fully 96%  of the original 
population of fibres was present in the proximal stum p 20 months after removal of 
a piece of the nerve, and a 20%  surplus of axon profiles was present distally. To 
calculate how many sprouts each regenerated axon supported, attention was focused 
on the counts from the four animals for which the number of fibres regenerating 
through the neuroma had been determined (see previous section). These animals had 
the same number of fibres in the proximal stum p as seen originally, and about 25% 
more profiles in the distal levels. Since about 75%  of the fibres had regenerated 
through the neuroma, each regenerated fibre, on the average, supported 1-7 processes 
in the distal stum p of the nerve. This is the same value as was obtained from the 
experiments using the sural nerve.
Properties of regenerated cutaneous afferent nerve fibres
Fig. 2B  shows th a t almost the normal number of fibres in regenerating sural nerves 
could be excited by non-noxious mechanical stim ulation of the skin. The slight 
reduction in the number of fibres activated in this way 18 months after transection 
compared with 9 months may reflect an inability of late regenerating fibres to form 
functional connexions. The nerves driven by mechanical stimulation of the skin could 
be readily identified using the procedures outlined by Horch, Tuckett & Burgess 
(1977). There were no obvious deficiencies in the representation of any receptor type 
during regeneration.
Nerve transection had a profound effect on the conduction velocity of the fibres. 
Even after 18 months had been allowed for recovery, the conduction velocities in the 
proximal stum p of the sural nerve were slower than in control nerves (Fig. 4). The
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re g e n e ra te d  p o r t io n s  o f  th e  a x o n s  in  th e  d is ta l  s tu m p  w ere  e v e n  m o re  p ro fo u n d ly  
a ffec ted , a s  sh o w n  in F ig . 5, w h ere  th e  c o n d u c tio n  v e lo c ity  d is ta l  to  th e  n e u ro m a  (or 
o v e r  a  s im ila r  p a r t  o f  th e  n e rv e  in  c o n tro l a n im a ls )  h a s  b ee n  p lo t te d  a g a in s t  th e  
p ro x im a l c o n d u c tio n  v e lo c ity . F o r  c o n tro l n e rv e s  th e  r a t io  o f  c o n d u c tio n  v e lo c itie s  
w as close to  1 :1  o v e r  th e  w ho le  ra n g e . T h e  d e v ia tio n  fro m  th is  1 :1  r a t io  a t  h ig h  
c o n d u c tio n  v e lo c itie s  m a y  re p re s e n t  a  ta p e r in g  o f  th e  fib res  (L a v a ra c k , S u n d e r la n d  
& R a y , 1951; A itk in  & T h o m a s , 1962) o r  a  sy s te m ic  e r r o r  in  o u r  m e a s u re m e n ts , su ch  
a s  th e  a s su m e d  100 fisec  s t im u lu s  u ti l iz a t io n  tim e  w h ich  w o u ld  h a v e  a ffec ted  th e  
c a lc u la te d  c o n d u c tio n  v e lo c itie s  o f  th e  fa s te r  fib res  m o re  th a n  th e  s lo w er ones. I n  a n y  
e v e n t,  e v e n  fo r th e  f a s te s t  fib re s  th e  d iffe ren ce  w as  o n ly  a b o u t  1 0 % . A f te r  c ru sh in g  
th e  s u ra l n e rv e  th e  r a t io  o f  c o n d u c tio n  v e lo c itie s  w as re d u c e d  b u t  h a d  n e a r ly  re tu rn e d  
to  c o n tro l leve ls b y  6 m o n th s , a t  w h ich  t im e  th e  c o n d u c tio n  v e lo c itie s  in  th e  p ro x im a l 
s tu m p  o f  th e  n e rv e  w ere  w ith in  5 %  o f  c o n tro l v a lu es . A fte r  t r a n s e c t in g  th e  n e rv e  th e  
re d u c tio n  in  d is ta l  c o n d u c tio n  v e lo c ity  w as g r e a te r  th a n  t h a t  seen  a t  c o m p a ra b le  
tim e s  a f te r  n e rv e  c ru sh . B y  6 m o n th s  th e  fib res  h a d  re a c h e d  a  c o n d u c tio n  v e lo c ity  
r a t io  o f  0 -5 :1 , b u t  th e re  w a s  n o  im p ro v e m e n t o v e r  th e  n e x t  y e a r . T h e  e ffec t w as 
u n ifo rm  fo r  a ll sizes o f  m y e lin a te d  fib res.
DISCUSSION
T h e se  re s u lts  h a v e  c e r ta in  im p lic a tio n s  r e la t in g  to  fu n c tio n a l re c o v e ry  a f te r  n e rv e  
tr a n s e c t io n .  T h e re  w as  l i t t le  o r  no  loss o f  m y e lin a te d  p r im a ry  a f fe re n t f ib re s  a f te r  
se c tio n in g  e i th e r  n e rv e ;  e s se n tia lly  th e  e n t i r e  o r ig in a l p o p u la tio n  re m a in e d  a v a ila b le  
fo r  r e g e n e ra tio n  (cf. H o ffe r, S te in  & G o rd o n , 1979). A p p ro x im a te ly  7 5 %  o f  th e  
o r ig in a l p o p u la t io n  re g e n e ra te d  b a c k  to  th e  s k in  a n d  fo rm e d  fu n c tio n a l  c o n n e x io n s , 
a n d  all c lasses  o f  m e c h a n o re c e p to rs  w ere  re p re s e n te d  (B u rg ess  & H o rc h , 1973). T h e  
loss o f  2 5 %  o f  th e  o rig in a l fib re p o p u la tio n  d o es n o t  seem  su ffic ie n t to  e x p la in  th e  
s e n so ry  d e fic its  seen  a f te r  t r a n s e c t io n  in ju r ie s , e sp ec ia lly  w h en  co n s id e re d  in  l ig h t  o f  
a  s im ila r  loss w h ich  o cc u rs  w ith  ag e  (C orb in  & G a rd n e r , 1937). T h e  d e n s ity  o f  
in n e rv a te d  re c e p to rs  on  th e  sk in  m a y  b e  a ffe c te d  to  a  g r e a te r  e x t e n t  s in ce  re g e n e ra te d  
fib res  m a y  n o t  s u p p o r t  a s  m a n y  re c e p to rs  a s  th e y  d id  o r ig in a lly  (H o rc h , 1979). 
H o w e v e r , i t  h a s  b ee n  sh o w n  t h a t  th e re  is a  p o o r  c o r re la t io n  b e tw e e n  r e c e p to r  d e n s ity  
a n d  fu n c tio n a l  re c o v e ry  ( J a b a le y ,  B u rn s , O r c u t t  & B r y a n t ,  1976).
A lth o u g h  th e ir  re c e p to r  p ro p e r t ie s  a p p e a re d  g ro ss ly  n o rm a l , th e  re g e n e ra te d  fib res 
w ere  a b n o rm a l in  so m e o th e r  re sp e c ts . P r io r  to  n e rv e  t r a n s e c t io n  n e i th e r  th e  su ra l 
n o r  th e  p o s te r io r  fe m o ra l c u ta n e o u s  n e rv e s  sh o w ed  a n y  e v id e n c e  o f  a x o n a l b ra n c h in g
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Fig. 5. Conduction velocity distal to the lesion site, or a comparable level in unlesioned 
nerves, plotted against the conduction velocity of the same fibre proximal to the lesion 
site a t various times after crushing or transecting the sural nerve. The data  for each 
recovery time have been obtained from a t least three cats. For the sake of clarity the data 
for each group have been grouped by averaging ten successive points along the proximal 
conduction velocity axis. Thus, the values for the slowest ten fibres in the proximal stump 
were averaged and plotted as a  single point. The next ten fibres were then averaged and 
plotted as a single point, etc. The lines show the loci of values for constant conduction 
velocity (a I : 1 ratio) and for a 50%  reduction in conduction velocity (a 0 '5 :1 ratio). A, 
unlesioned nerves (□ ) and nerves which had been crushed 1 ( # ) .  2 (O ), 3 (A ) and 6 (■ ) 
months previously. B, nerves which had been transected 1 ( # ) ,  3 (O), 6 (A), 9 (■ )  and 
18 (□ )  months previously.
w ith in  th e  reg io n  e x a m in e d . T h is  co n firm s th e  f in d in g  o f  G u tm a n n  & S a n d e rs  (1943), 
b u t  is a t  v a r ia n c e  w ith  th e  e x p e c ta t io n  o f  L a v a ra c k  et al. (1951). A f te r  n e rv e  
tr a n s e c t io n  m o s t o f  th e  a x o n s  in  th e  p ro x im a l s tu m p  s u p p o r te d  m o re  th a n  on e  p ro ce ss  
in  th e  d is ta l  s tu m p , e v e n  a f te r  h a v in g  fo rm e d  fu n c tio n a l  e n d in g s  in  th e  sk in . S ing le  
u n i t  s tu d ie s , h o w ev e r, r e v e a le d  o n ly  a  lim ite d  n u m b e r  o f  s p l i t  r e c e p tiv e  fields a m o n g  
th e  re g e n e ra te d  fib res . T h is  su g g e s ts  e i th e r  t h a t  o n ly  on e  o f  th e  p ro ce sses  n o rm a lly  
fo rm s  fu n c tio n a l c o n n e x io n s  o r  t h a t  w h e n  m u lt ip le  b ra n c h e s  o f  th e  sa m e  fib re 
in n e rv a te  th e  sk in  th e y  u su a lly  do  so in  c o n tig u o u s  a re a s . A s e x p e c te d , w h en  sp li t  
r e c e p tiv e  fields w ere  fo u n d  th e y  b o th  h a d  s im ila r  re c e p to r  p ro p e r t ie s  (B u rg ess  & 
H o rc h , 1973; H o rc h , 1976; see a lso  J o h n s o n , S c h ra m e c k  & M a rk , 1975; S te p h e n so n ,
1979).
F ib re s  n o t  r e g e n e ra tin g  th ro u g h  th e  n e u ro m a  p e rs is te d  in  th e  p ro x im a l s tu m p  b u t  
te n d e d  to  h a v e  slo w er c o n d u c tio n  v e lo c itie s  th a n  re g e n e ra te d  fib res, a l th o u g h  m a n y  
o f  th e m  s till c o n d u c te d  in  th e  A  a  r a n g e  (W eiss, E d d s  & C a v a n a u g h , 1945; D av is , 
G o rd o n , H o ffer, J h a m a n d a s  & S te in , 1978). A fte r  n e rv e  c ru sh  th e  fib res  e v e n tu a lly  
rec o v e re d  to  h a v e  n e a r ly  n o rm a l c o n d u c tio n  v e lo c itie s  in  b o th  th e  p ro x im a l a n d  d is ta l 
p o r t io n s  o f  th e  n e rv e . E ig h te e n  m o n th s  a f te r  n e rv e  se c tio n  th e  c o n d u c tio n  v e lo c itie s  
in  th e  p r o x im a fs tu m p  w ere  a lm o s t  n o rm a l b u t  th e y  w ere o n ly  h a l f  th e ir  n o rm a l v a lu es  
in  th e  d is ta l  s tu m p . T h e se  f in d in g s  a re  in  g e n e ra l a g re e m e n t w ith  e a r lie r  s tu d ie s  
(E r la n g e r  & S choep fle , 1946 ; S a n d e rs  & W h itte r id g e ,  1946; S a n d e rs , 1948; H o d es , 
L a r r a b e e  & G e rm a n , 1948; S tru p p le r  & H u c k a u f ,  1962; S c h ro d e r , 1972; D e v o r  & 
G o v r in -L ip p m a n n , 1979), b u t  le a v e  u n a n s w e re d  th e  q u e s tio n  w h y  th e  t r a n s e c te d  
fib res  fa iled  to  a t t a i n  fu ll size in  th e  d is ta l  s tu m p .
T h re e  p o ss ib le  e x p la n a t io n s  ca n  be su g g e s te d . F ir s t ,  i t  is k n o w n  t h a t  a x o n s  
r e g e n e ra te  f a s te r  a n d  w ith  a  s h o r te r  la te n c y  a f te r  n e rv e  c ru sh  th a n  a f te r  n e rv e  
t r a n s e c t io n  (G u tm a n n  & G u t tm a n n ,  1942 ; S ed d o n , M e d aw ar & S m ith , 1943; G u tm a n n , 
G u t tm a n n ,  M e d a w a r  & Y o u n g , 1942) a n d  t h a t  th e  e n d o n e u r ia l tu b e s  in  th e  d is ta l 
s tu m p  s h r in k  w ith  in c re a s in g  d e n e rv a t io n  tim e  (S u n d e r la n d  & B ra d le y , 1950). T h e  
la te  a r r iv a l  o f  r e g e n e ra tin g  t r a n s e c te d  a x o n s  in to  s h ru n k e n  e n d o n e u r ia l tu b e s  cou ld  
p ro d u c e  a  re d u c e d  fib re size in  th e  d is ta l  s tu m p . H o w e v e r , th is  seem s u n lik e ly  b ec au se  
th e  d iffe ren ce  in r e g e n e ra tio n  tim e s  a n d  th e  r a te  o f  s h r in k a g e  o f  th e  e n d o n e u ra l 
tu b e s  a re  n o t  g r e a t  e n o u g h  to  p ro d u c e  th e  e ffec t o b se rv e d .
A lte rn a tiv e ly ,  s ince  m o s t o f  th e  t r a n s e c te d  fib re s  s u p p o r t  m o re  th a n  on e  b ra n c h  
in  th e  d is ta l  s tu m p  o f  th e  n e rv e  a f te r  re g e n e ra tio n , o n e  w o u ld  e x p e c t  t h a t  th e  size, 
a n d  h en c e  c o n d u c tio n  v e lo c ity , o f  th e se  b ra n c h e s  w o u ld  b e  less th a n  t h a t  o f  th e  p a r e n t  
a x o n . S ince  i t  is p o ss ib le  t h a t  all th e  fib res  s u p p o r te d  m u lt ip le  d is ta l p ro ce sses , som e 
o f  w h ich  w ere  ‘t r a p p e d  ’ in  th e  n e u ro m a  a n d  n o t  seen  in  th e  d is ta l  s tu m p , all a x o n s  
in  th e  d is ta l  s tu m p  co u ld  h a v e  b een  m e m b e rs  o f  s e ts  o f  m u lt ip le  b ra n c h e s  a n d  h en ce  
h a v e  h a d  re d u c e d  sizes.
A th i r d  a l te r n a t iv e  is t h a t  th e re  is s o m e th in g  a b o u t  th e  n a tu r e  o f  a  tr a n s e c t io n  
in ju ry  t h a t  e i th e r  im p a ir s  th e  a b i l i ty  o f  th e  n e u ro n e s  to  re g e n e ra te  (H o rc h , 1978) o r 
a c ts  a t  th e  s ite  o f  th e  les ion  to  im p e d e  th e  a t t e m p ts  o f  th e  cell b o d ie s  to  m a in ta in  
fu ll s ized  d is ta l  p ro cesses . A t  p re s e n t  su c h  a  m e c h a n ism  c a n n o t  be ru le d  o u t,  b u t  th e re  
is n o  in fo rm a tio n  a b o u t  how  i t  m ig h t o p e ra te .
T h e  re d u c tio n  in  c o n d u c tio n  v e lo c ity  p ro x im a l to  th e  le sio n  is  sm a ll c o m p a re d  to  
t h a t  seen  w ith  ag e  (D o rfm a n  & B o s ley , 1979) a n d  is p ro b a b ly  n o t  fu n c tio n a lly
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s ig n ific a n t. T h e  re d u c e d  d is ta l c o n d u c tio n  v e lo c ity  m ig h t  be s ig n if ic a n t fo r  e v e n ts  
re q u ir in g  c r itica l t im in g  re la t io n s h ip s  b e tw e e n  in p u t  s ig n a ls  in  d if fe re n t a ffe re n ts , b u t  
p ro b a b ly  is n o t  so c ru c ia l fo r m o s t  ta c t i le  e x p e rien c es .
W e c o n c lu d e  t h a t  re d u c e d  in n e rv a t io n  d e n s ity  a n d  c o n d u c tio n  v e lo c ity  m a y  p la y  
a n  im p o r ta n t  b u t  m in o r  ro le  in  l im itin g  th e  re c o v e ry  o f  fu n c tio n  a f te r  se v e ra n c e  o f  
p e r ip h e ra l n e rv e s  in  a d u l ts .  A  m o re  im p o r ta n t  f a c to r  a p p e a r s  to  be th e  d iso rd e re d  
s o m a to to p y  su ch  in ju r ie s  p ro d u c e , a n d  fo r  w h ich  no su rg ic a l re m e d y  is c u r re n tly  
a v a ila b le  (H o rch  & B u rg ess , 1980).
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